INTRODUCTION
An interrelated set of five glass standards (Myers, and others, 1970) was prepared to provide quality control of trace-element analyses in the analytical and mobile laboratories of the U.S. Geological Survey. These standards GSA, GSB, GSC, GSD, and GSE, in 180-to 200-pound lots each were made by Corning Glass Works, at the following approximate concentration levels, in parts per million: Blank (GSA), 0.5 (GSB), 5.0 (GSC), 50 (GSD), and 500 (GSE) for 46 trace elements in a glass matrix. Preliminary studies indicated that the blank, GSA, was inhomogeneous, and it was therefore eliminated from the set. To avoid an excessive amount of labor and contamination in preparation of these powders, we sieved them through a 60-mesh nylon screen. When a finer particle size powder (100-200 mesh) is required by the analyst, each standard may be reground in agate. These standards are not for sale or distribution outside the U.S. Geological Survey. However, the results of this study are presented as a guide for similar studies in the future.
Preparation of these standards was undertaken with two general aims in mind: (1) To reduce compositional inhomogeneity or "segregation error" to a minimum, by use of a glass matrix, and (2) to obtain a relatively large supply of standard for long-term quality control of trace-element analysis. More immediate needs were for day-to-day use with direct-reading spectrometers and for mobile laboratory or field units.
ANALYTICAL METHODS
Interlaboratory analyses, based on the cooperative work of the many excellent analysts listed herein, are conventional ways to "certify" the accuracy of major-and traceelement composition of the four glass reference standards. As with all inter laboratory investigations of this nature, this cooperative work has also afforded an opportunity to compare several different analytical methods. As a general rule, agreement among different runs for the same instrumental method are less reassuring than agreement among different instrumental methods.
An attempt to obtain "absolute" compositional accuracy for all elements in these glasses, by using a great number of analyses from a great many laboratories, would consume too much time. Instead, we believe it is possible, using the data available, to arrive at a close approximation to the "true" value by choosing the median as the measure of central tendency, rather than the arithmetic mean of the analyses.
We have used the median, because it is a distributionfree measure of central tendency and because it is little affected by unusually high and low values. We view it as the "most probable" value. Ties have been handled by conventional summing, dividing and rounding. The decision to use the median is supported, at least in part, by the data shown in table 1 for lead, rubidium, strontium, and uranium from which data by the isotope-dilution method have been obtained. In the present state of the art, isotope dilution methods seem both in theory and in practice to give the most accu rate results for those elements to which these methods are applicable. The isotope-dilution data are given in table 2 for lead, rubidium, strontium, and uranium. In table 3, Mean for bottles ------39.6 469 some evidence is also given for homogeneity of these glasses "between" bottles for lead and uranium. Because analytical trace-element procedures for dif ferent instrumental methods are so varied and yet so pre cise in detail, it seemed important for this study to survey Analyst --- (table 8) Si0 2 -----A1 20 3 ----- .07
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the procedures by questionnaire. This effort has been only partly successful, but, still, the response we did obtain has been informative for judging and understanding some of the analytical results. For example, one optical spectrochemist, using two strongly reversed spectral lines for two elements, found the elements to be 20 to 40 percent lower than the accepted median value. In this report, results from different methods and from different analysts are examined and discussed in more detail.
ROCK ANALYSES
Analyses were made on the glass samples by conven tional methods similar to those used for analysis of major and minor rock constituents, and the results are shown in tables 4, 5, 6, and 7. The median for each constituent is given in the last column. The analysis for TiO2, P2O5 , and MnO are near their lower limits of detection by these methods. In table 8, the analysts cited are given with affiliations and pertinent data by number.
WATER ANALYSES
The results for combined water (H2O)+ and moisture (H2O)~ for the glass samples are shown in table 9. The dis crepancy in the results for combined water may be attribu ted to the failure to determine and correct for the moisture content at the time the samples were weighed for deter mination of the combined water. Our results in table 10 show that from 0.59 to 0.73 percent additional moisture can be absorbed by these samples when they are placed overnight in a humid atmosphere. Thus, the error due to varying moisture content in these glasses can never be more than about 1 percent.
TRACE-ELEMENT ANALYSES
The interlaboratory study of trace-element composi tion in these glasses gives reasonable agreement for many elements and very acceptable accuracy. Table 11 gives the supporting evidence. Of course, reviewers and users can draw their own conclusions about matters of agreement among laboratories. Much of the data shown in table 11, for each element, represent averages of several determina tions, the number of which is indicated in parentheses after each result. Superscripts, like a and b , are explained in the headnote of table 11. In table 12, the analysts are cited and their affiliations are shown.
DISCUSSION OF DATA
The medians of the trace-element analyses of the four glasses composed from both quantitative and semiquantitative data have been collected and combined for convenience in table 13 .
Because of the uncertainty of the data for zirconium in the low concentrations, and especially because of its geochemical importance, a spectrographic study was made on the standard samples GSB and GSC. A direct comparison was made with analytical standards on the same plate by use of 15-mg charges instead of the usual 10-mg charge. This comparison showed that GSC was very close to our original determination of 5 ppm, whereas the GSB sample was definitely lower than the 5 ppm standard, showing 4 ppm as an upper limit. Thus, GSB is shown in tables 11 and 13 as having about 4 ppm zirconium.
In table 11, the authors have rated each median result, using the symbols: R for "suggested with reservations,"S for "suggested," and A for "accepted." Thus, we believe that medians that are indicated as accepted (A) are the most accurate. Some medians are based on a few analytical results; therefore, rather than use still another category to signify meager data, we rate them simply as R, "suggested with reservations."
Ranges of the analytical results for several of the trace elements are shown in table 14.
The major element composition of the glasses are also shown as medians, in percent, in table 15, a combination of data from tables 4, 5, 6, and 7.
Both semiquantitative and quantitative data were used in table 11 to obtain the median. It is of interest to examine the data by subdividing it for two medians, for standard GSE:
Semiquantitative median--450 400 600 420 20 500 600 600 150 690
Quantitative median----450 460 500 360 28 500 460 500 100 490
Overall median--------450 420 550 370 20 500 480 500 100 490
For Cd, Ce, Cs, Ga, Li, Ni, Pd, and Y, one of the individual medians can be considerably different from the overall median; Cd and Ga are closer to the semiquantita tive value, and Cs, Ni, Pd, and Y are closer to the quantita tive value. The overall median for Ce actually falls half way between the quantitative and the semiquantitative medians. It is an average of the two. The data for As and Hf are really the most interesting because of the apparent match among semiquantitative and quantitative and overall medians. The quantitative data for Hf, however, gave a fairly narrow range.
Considering the state of the art, as well as the number of results contributed for each element, the data for most of the elements in table 11 are, in general, considered to be re markably good. The elements for which the medians are based on scarce data are Cl, Eu, F, Ru, Se, Te, and Tl.
One interesting aspect of the data in table 11 is that there are four contributors (Conklin, Fletcher, Mays, and Sutton) of optical spectrochemical data, from three U.S. Geological Survey laboratories, who have used the same methods, and two of these analysts (Conklin and Sutton) are from a single laboratory. In all but a few instances, the comparative data from all four analysts are very good Analyst --- (table 8) Si0 2 ------ 3.64
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(interlaboratory) and, in all but a very few instances, are excellent between the two values (from the two analysts) obtained in a single laboratory (intralaboratory). These two values represent more of a controlled situation-same instrument, same lines (except for V), and same prepara tion techniques. Whatever differences there are among the three Survey laboratories may be due to subtle differences in instruments, in standards, or in judgments of the analysts. In any event, one would expect the spread of data to be better than the data from three different optical spectrochemical laboratories that are unrelated to the U.S. Geological Survey laboratories and that use different methods, perhaps different lines, and different standard powders, and so forth.
If we now compare the quantitative spectrochemical data (OS of table 11) from Survey analysts (Conklin, Fletcher, Mays, and Sutton) with the data from all spec trochemical analysts of the laboratories outside the Sur vey, we can show the spread of results in the analytical data for 17 elements for standard GSE: Considering the above 17 elements, we notice that the spread of results for 15 elements was less for the "one Sur vey laboratory" when compared with the results for "all Survey laboratories." In this same comparison, two ele ments (Pb and V) showed an equal spread. If we compare the spread of data for "all Survey laboratories" with that shown by "outside laboratories," 10 elements out of 17 for "all Survey laboratories" showed a narrower spread; one element (Mo) gave an equal spread. The "outside labora tories" did show a narrower spread of results than that of "all Survey laboratories" for 6 elements (Ba, Cu, Ni, Sn, Sr, and V) out of the 17. Only 2 elements (Ba and V) out of the 17 gave a decreased spread of results for "outside labora tories," when compared with the spread of "one Survey laboratory."
COMPOSITIONAL HOMOGENEITY
As Flanagan (1969) pointed out, two prime require ments for reference samples are homogeneity from bottle to bottle and a minimum of contamination during the preparation and bottling of the standards. For these glass standards every known precaution was taken to minimize contamination and to achieve homogeneity. An evalua tion of homogeneity was made by quantitative spectrographic analyses for 23 elements in each of four bottles chosen at random from each standard (table 16) . Two analyses were made of each split by optical emission pro cedures. The total variation observed for each standard in this experiment can thus be viewed as the sum of two indipendent variations-variation arising from conditions of measurement (analytical error) and a second reflecting inhomogeneity in the standard.
The statistical model used is
where X z; represents the concentration of metal X deter mined in the ;th analysis of the zth split. Because line densities in emission spectrography are exponentially related to concentrations, the observed variation is more properly studied on a logarithmic scale. In this model, M is the true (and generally unknown) concentration, measured in logs, of the metal X in the standard; Ai is the difference between M and the true concentration, in logs, in the ith split; and £z; is the difference between the measured concentration, in logs, and the true logarithmic concentration in the ith split. The total variance of log X^ is the sum of two vari ances, that variance due to differences among splits (repre sented by AJ) and that due to differences among analyses (represented by £ z; ). Thus,
where S2 log x is the estimate of the total log variance, S2 A is the estimate of the log variance among splits and S| is the estimate of analytical log variance. Of interest here is S2A> which is a property of the glass standard, and not S2£ , which is dependent on the laboratory method used. The component of variance reflecting inhomogeneity (S2A ) is easily estimated using standard procedures of the analysis of variance, but can be computed from:
where S2A is the estimate, n is the number of splits analyz ed (four), and m is the number of analyses of each split For many entries in table 17 the solution to equation 3 is negative, and the inhomogeneity factor cannot be calcu lated. Under these conditions, we assume that the factor must be very small, and table 17 lists them simply as "less than" 1.01. For example, Ni in standard GSE seems to be very uniformly distributed. The limits of the 68 percent range expected from sample inhomogeneity should not exceed 495-505 and the maximum 95-percent range due to inhomogeneity should not exceed 490-510. Of 23 analyses for Ni in GSE (table 11), only 5 (22 percent) fall within the first range and only 7 (30 percent) fall within the second. The effects of analytical error seem to be more pro nounced in this example than in the previous one. In general, standards GSC and GSE seem to be more homo geneous than standards GSB and GSD. The elements least homogenized seem to be Ba, Cu and Sr. Reference to published method of analysis Ag:
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